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Abstract. Palynological analysis, total polyphenols, total flavonoids and antioxidant activity 
were studied on six samples fresh bee pollen from Transylvania. Floral origin of used bee collected 
pollen was identified by palynological analysis without acetolysis followed by microscopy and 
comparison with a library of samples. The content of total polyphenols was determined using the 
Folin-Ciocalteu colorimetric method with gallic acid as standard and total flavonoids content was 
determined with zirconium oxychloride reagent using quercetin as standard for calibration. The 
antioxidant properties were evaluated by 2,2-diphenyl-picrylhydrazyl radical scavenging capacity 
(DPPH) assay and ferric ion reducing antioxidant power assay. The content of total polyphenols and 
the antioxidant capacity of examined samples was different, due to the botanical origin of predominant 
pollen.   
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INTRODUCTION    
 
Pollen is the male gametophytes of flowers. Commercially traded pollen is mainly 
pollen collected by the honey bee Apis mellifera for the purpose of feeding its larvae in the 
early stages of development (Campos et al., 2008). Bee pollen is widely used as food 
supplement, being considered good nutritional source, beneficial to health, particularly 
because of the presence of its antioxidant compounds, mainly phenolics (Stanciu et al., 2012). 
Yang et al. (2007) reveal that the pollen is thought to have a wide range of health benefits, 
including anti-tumor function and immune stimulation. Several investigations have stated that 
pollen had antioxidant effects because pollen extracts were good scavengers of active oxygen 
species (Campos et al., 2003). Other studies have also stated that pollen could significantly 
inhibit tumor growth and enhance immunity when used as anti-tumor drug or adjuvant in the 
course of tumor patient's clinic treatment (Thaware, 2012; Yang et al., 2007).   
 The concentration of bioactive compounds and antioxidant activity of pollen may 
vary depending on the botanical origin (Menezes et al., 2010; Feas et al. 2012; Fatrcova-
Sramkova et al., 2013). Pollen grains have specific characteristics according to the floral 
species or cultivation methods, but the quality depends on the collection process, cleanness, 
drying and storage applied by beekeepers with the objective to increase the product shelf-life 
(Carpes et al., 2007). 
The bioactive properties of apicultural pollen extracts can be increased using a 
solvent suitable for its extraction (Carpes et al., 2007). 
The aim of this paper was the determination of botanical origin, phenolic compounds 
and antioxidant activity of multifloral bee collect
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MATERIALS AND METHODS    
 
The study was carried out in APHIS Laboratory at University of Agricultural 
Sciences and Veterinary Medicine Cluj-Napoca. The researches have been made using six 
samples of multifloral bee pollen collected from different regions in Transylvania. The 
samples after collection were cleaned of impurities and packed in plastic bags then frozen (-
18˚C) until further analysis. The palynological identification of bee pollen was performed by 
the method described by Almeida-Muradian et al. (2005) and the microscopic slides were 
prepared using the method described by Louveaux et al. (1978) adapted for pollen load. 
The slide examination was performed using Nikon Eclipse 50i microscope with 
normal lighting at 400X magnification.   
For the recognition of the pollen type, reference pollen collection from collected 
flowers and different pollen guides were used (http://www.geo.arizona.edu/palynology, 
http://www.saps.plantsci.cam.ac.uk/pollen/index.htm, Sawyer, 2006; Tarnavschi et al., 1981; 
Tarnavschi et al., 987). 
Extract preparation. 2 g of each sample was individually extracted tree times with 
15 ml methanol 80% (v/v) at room temperature for 1h. After sonication (15 min), maceration 
and filtration, the resulting filtrate was evaporated to dryness under vacuum and the dried 
extracts were redissolved in methanol and stored at 4˚C until analysis (Mărghitaş et al., 2009). 
Determination of total phenolic content. The total phenolic content was estimated 
according to Folin-Ciocalteu spectophotometric method (Singlenton et al., 1999) using gallic 
acid (Meda et al., 2005) as reference standard. The method was adapted to the 96 well 
microplate reader. 25 µl of bee pollen extract was mixed for 5 min with 125 µl Folin-
Ciocalteu reagent (0.2 N). The extracts was incubated for 2 h after the addition of 100 µl 
Na2CO3 solution (75 g/l). The absorbance was read at 760 nm with Synergy HT Multi-
Detection Microplate Reader with 96 well plates. Total phenols content was expressed as mg 
gallic acid equivalents/g dry matter samples.   
Determination of total flavonoid content. Total flavonoid content was assayed 
following the method of Tămaş (1979) with ZrOCl2 2,5 % in methanol adapted for this 
matrix. 250 µl bee pollen extract was mixed for 30 sec with 10 µl ZrOCl2. The absorbance 
was read at 425 nm after 10 min with Synergy HT Multi-Detection Microplate Reader with 
96 well plates. Quercetin was used as a standard and the results expressed as mg quercetin/g 
dry matter samples. 
DPPH free radical scavenging capacity. The antiradical capacity was evaluated 
spectrophotometrically according to the method of Brand-Williams et al. (1995) with some 
modification for the matrix and microplate reader. 40 µl bee pollen extract was mixed with 
200 µl DPPH solution. Samples were continuously shaken for 15 min in the dark. The 
absorbance was measured at 517 nm to 20 min with Synergy HT Multi-Detection Microplate 
Reader with 96 well plates. The radical scavenging activity is expressed in millimols of 
Trolox equivalents /g dry matter samples. 
Ferric reducing antioxidant power assay (FRAP). The ferric reducing/antioxidant 
power (FRAP) is a simple and direct test of antioxidant capacity measurement (Mărghitaş et 
al., 2009). The FRAP assay was done according to Benzie and Strain (1996) with some 
modifications. The stock solutions included 300 mM acetate buffer (3.1 g C2H3NaO2*3H2O 
and 16ml C2H4O2), pH 3.6, 10 mM TPTZ (2, 4, 6-tripyridyl-s-triazine) solution in 40 mM 
HCl, and 20 mM FeCl3 * 6H2O solution. The fresh working solution was prepared by mixing 
25 ml acetate buffer, 2.5 ml TPTZ solution, and 2.5 ml FeCl3*6H2O solution and then heated 
at 37°C before using (Thaipong et al., 2006). 10 µl bee pollen extract was mixed with 300 µl 
FRAP reagent and the absorbance was read at 0 and 15 minutes (593 nm) with Synergy HT 
 313 
 
Multi-Detection Microplate Reader with 96 well plates. The results were expressed as FRAP 
value (mmol Fe2+/g dry matter samples). 
 
RESULTS AND DISCUSSIONS     
 
The studied samples were first separated by color from the mixtures of pollen pellets 
resulting subsamples having the same color. The predominant bee pollen (>45%) in the 
analyzed samples was: BP1: Malus domestica (Fam. Rosaceae), BP2: Prunus spp. (Fam. 
Rosaceae), BP3: Calendula officinalis (Asteraceae), BP4: Taraxacum officinale (Asteraceae), 
BP5: Calluna vulgaris (Ericaceae), BP6: Salix spp (Salicaceae).  
The studied pollen load samples presented the following colors: yellow (Malus 
domestica, Prunus spp.), orange (Callendula officinalis, Taraxacum officinale), maroon (Salix 
spp.), gray brown (Calluna vulgaris). There was a wide range of phenolic content in the 
analyzed bee pollen, as shown in Table 1. The highest polyphenol concentration was 
determined in bee pollen from Prunus sp. bee pollen (8.87 mgGAE/g) followed by Malus 
domestica bee pollen  (7.74 mgGAE/g), Salix sp. bee pollen (7.69 mgGAE/g). The lowest 
level of total polyphenol content was obtained for bee pollen from Calluna vulgaris 3.76 
mgGAE/g. 
Tab. 1 
The phenolic content and antioxidant capacity (mean ± SD) six bee pollen samples 
 
*samples analyzed in triplicate 
  
Total flavonoids content ranged from 6.29 mg QE/g (bee pollen from Malus 
domestica) to 2.55 mg QE/g (bee pollen from Callendula officinalis). The antioxidant 
capacity determination results of an extract depend greatly on the methodology used, due to 
the fact that different methods use different oxidants and oxidable substrates in the 
measurements (Mărghitaş et al., 2009). The DPPH values of methanol extracts of the six bee 
pollen samples ranged from 1.65 (bee pollen from Salix spp.) and 0.38 (bee pollen from 
Calluna vulgaris) mmol Trolox/g dry matter samples. The ferric reducing/antioxidant power 
FRAP assay have limits between 3.17 and 0.38 mmol Fe2+/g dry mass samples. The highest 
value was obtained from BP2 bee pollen and the lowest value from BP5 bee pollen sample. 
Literature data on phenolic compounds and antioxidant activity of Romanian 
samples reveal similar quantities (Mărghitaş et al., 2009) for Salix spp pollen and Taraxacum 
officinale pollen. Pollen samples from related botanical families, analyzed for phenolics and 
flavonoids by Feas et al. (2012), gave similar results for flavonoids, but higher amounts of 
total polyophenols. Generally, it is known that polyphenols are the main substances 
responsible for antioxidant activity. Bee pollen being a complex matrix, previous studies 
found that not the amount of polyphenolic content is determinant for the antioxidant activity, 
but the specific compounds from this class. However, a very good correlation (0.9478) 
 
Samples 
 
Total phenolics* 
mg GAE/g 
Total flavonoids* 
mg QE/g 
DPPH* 
mmol TROLOX/g 
FRAP* 
mmol Fe2+/g 
BP 1 7.74±0.11 6.29±0.2 1.59±0.02 2.00±0.23 
BP2 8.87±0.03 5.21±0.28 1.59±0.19 3.17±0.11 
BP3 5.62±0.14 2.55±0.01 1.37±0.03 0.96±0.01 
BP4 5.63±0.07 3.57±0.22 1.31±0.02 1.11±0.05 
BP5 3.76±0.03 3.67±0.16 0.38±0.02 0.38±0.02 
BP6 7.69±0.07 5.07±0.06 1.65±0.00 2.47±0.11 
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between total antioxidant capacity and total phenolic content was obtained in the analyzed 
samples (Fig. 1). 
 
Fig. 1. Correlation between total phenolic content and total antioxidant potential  
in bee pollen samples 
 
Antioxidant activities tested by different assay methods, show different results, 
which is the case of radical scavenging activity and total antioxidant potential. Good 
correlation (0.7615) was obtained for polyphenolic content and radical scavenging activity 
(Fig. 2), but this specific antioxidant method is probably not totally adequate for pollen 
samples, due to chemical composition of this matrix. High amount of lipids and proteins 
require different methods for quantifying the antioxidant potential of pollen (β-carotene 
bleaching (BCB) assay, oxygen radical absorption capacity (ORAC) and Trolox equivalent 
antioxidant capacity (TEAC))(Thaipong et al., 2006; Mărghitaş et al., 2009; Feas et al., 
2012.). 
 
Fig. 2.  Correlation between total phenolic content and radical scavenging activity  
in bee pollen samples. 
 
CONCLUSION    
 
In the present research work, we demonstrated the variability regarding the total 
phenolic content, total flavonoids content, antioxidant activity (DPPH and FRAP) which is 
closely related to the botanical origin of predominant pollen in the studied samples. Another 
important factor for quantifying biologically active compounds from pollen is extraction 
method and solvent used.  
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